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AN  ANALYTICAL  MODEL  FOR  PREDICTING  GAIN,  INTENSITY  AND  OUTPUT 
POWER  OF  FAST  SPEED  FLOWING  LASERS 

by  Gao  Zhi  and  Zhao  Shutao 

(Institute  of  Mechanics,  Acaaerr.ia  Sinica) 

Abs.tract 

£»By  phenomenal  expression  of  the  thermal  motion  distribution 
of  gas  particles  based  on  the  rate  equations , -we -have  deduced 
-the  analytical  expressions  for  predicting  gain,  intensity  and 
output  power  of  gas  flowing  lasers,  which  are  in  agreement 
with  the  theoretical  results  given  in  article  [11  for  the 
homogeneous  broadening  limit.  Present  expressions  may  be 
reduced  to  the  well-known  formulae  'T'6'l  of  non-flowing  gas  lasers 
if  flow  velocity  has  vanished.  ’ 

.  *  /.■  ■:  .  •-  .  -  -  ,  r 

~Trr  the -analysis,  we  have- cons idered  the  effects  of  the 
changes  in  mirror  reflectivity  and  the  changes  of  the  time- 
dependent  gas  excitation  in  upstream  of  the  cavity.  4  _____ 

I.  Preface 

The  analytic  expression  of  the  CC>2  gas  flowing  laser  is  the 
solving  of  the  rate  equations  [1,2]  when  the  gain  is  equal  to 
the  loss  and  their  results  are  applicable  for  homogeneous 
broadening.  Article  [3]  analyzes  the  simultaneous  action  of 
homogeneous  and  heterogeneous  broadening.  Aside  from  this,  when 
explaining  the  empirical  results  of  the  gas  flowing  laser,  the 
semi -empirical  analysis  [4,5]  of  the  gas  flowing  laser  proposes 
the  use  of  the  theoretical  formulae  of  the  non-flowing  gas 
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laser.  However,  from  the  theoretical  results  that  already 
exist  [1-3]  for  the  gas  laser,  when  flow  velocity  has  vanished, 
the  expression  cannot  be  reduced  to  the  corresponding 
relationship  of  non-flowing  gas  lasers  [6]. 

By  phenomenal  expression  of  the  thermal  motion  distribution 
based  on  the  rate  equations,  we  can  deduce  the  theoretical 
relationship  of  the  gain,  intensity  and  output  power  of  gas 
flowing  lasers.  When  flow  velocity  has  vanished,  these 
relationships  are  reduced  to  the  well-known  formulae  of  non¬ 
flowing  gas  lasers.  The  results  given  in  articles  [1,2]  are  for 
the  reducing  of  the  homogeneous  broadening  limit.  It  should  be 
pointed  out  that,  strictly  speaking,  we  cannot  deduce  the 
thermal  motion  distribution  of  gas  particles  from  the  rate 
equations,  yet,  from  this,  we  can  easily  derive  the  desired 
results  and  provide  a  basis  for  further  analysis. 

II.  Hypothesis  and  Basic  Equations 

Let  us  assume  that  the  axis  and  flow  directions  are 
vertical,  the  gas  flow  passage  is  a  rectangular  section  and 
the  plane  parallel  mirror  is  placed  on  the  two  sides  of  the 
passage  (see  figure  1) .  The  changes  of  the  u,p  and  T  gas  flow 
parameters  in  the  cavity  as  well  as  the  effects  of  the  boundary 
layer  can  be  disregarded.  The  pump  and  cavity  areas  are 
separately  opened  in  order  to  be  able  to  analyze  the  "flow 
broadening"  pulse  width  of  the  pulse  laser  in  upstream  of  the 
cavity  [ 7] . 

The  working  energy  level  of  the  CC^-^system  laser  can 
be  shown  by  five  energy  level  models  (see  figure  2) .  Energy 
level  1  includes  C02  symmetry  and  any  energy  level  of  the 
curved  model.  Because  within  the  unit  time  the  non-elastic 
collision  causes  the  particle  number  of  the  i  energy  level  to 
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j  energy  level  to  transport  into  K^tT, 
level  particle  number  density  and  the 
satisfies  the  relationship. 


Km,  Kb,  &  K»  >  KM  “1,2,?) 
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Fig.  1.  Schematic  Diagram  and  Coordinate 
Flow  Gas  Laser  (Pump  Area  x1 ^  x 

1 .  Gas  flow 

2 .  Pump  area 

3.  Laser  direction 
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Fig.  2.  The  Working  Energy  Level  and  Relaxation  Process  of  the 
CO 2 -^2  System  Laser 

when  the  gas  flow  parameters  u,p  and  T  do  not  change,  the 
unsteady  rate  equation  and  radiation  equation  are: 


TP1  +  “  Xs-  “  " ;  “  *«***  +  KnN' 

a:  Ox 

d.V,  d.M,  j 

*5T  +  “  ~S*  “  w‘  +  KiaN>  ~  +  (BlhN,  -  B’altNj 

~^~L  +  “  “  “'i  +  k'ji-Vj  — 

WJ  +  N,  +  .V,-'SSX(1) 

ATr  +  -  UfS 


1 .  Constant 

2.  Constant 


+  clgrad/  -  (S^V,  - 


(2.3) 
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In  the  formulas,  t  is  the  time,  u  is  the  flow  velocity,  w.^ 
(i=l,2,3)  is  the  pump  rate,  c  is  the  speed  of  light,  h  is  the 
Boltzman  constant,  v  is  the  optical  frequency,  J  is  the 
radiation  intensity,  f i  (i=l,2)  is  the  particle  number  fraction 
of  the  laser  action  in  IT,  is  the  excited  transmission  rate 

when  the  Doppler  apparent  frequency  is  v'  particles  in  a 
frequency  of  v  radiation. 


B» 


2/gAn.y 


L  ArN  J 


Si 


(2.4) 


g^  (i=l,2)  is  the  energy  level  statistical  weight,  and  AvN  is 
the  total  width  of  the  homogeneous  broadening  line's  semi-peak 
value  area.  I  is  the  light  propagation  direction.  The  intensity 
is  sufficient  for  the  following  boundary  conditions 

.  r-iK-RJi 

y  ~  L j  ■»  Ri ]•_ ,  “  1  —  «j  —  <1  ' 


Rj ,  a.  and  t.  <i=l,2)  are  separately  the  reflection,  absorption 

ill  + 

and  transmission  rates  of  the  two  ends  of  the  mirror,  J  and  J 
are  the  advancing  photon  energy  flows  along  the  y  positive  and 
negative  directions,  and  J=J  +J~. 

III.  Solution 


In  the  two  ends  of  formula  (2.3),  aside  from  the  ,  all 

by 

of  the  quantities  are  small  and  thus  can  be  omitted.  Therefore, 
from  formulas  (2.3)  and  (2.5)  we  obtain: 
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g  -  -  \L'  —  —  Bii/^'iVv 

Lj  •’»  * 


■■  '  lr.  R1R2 
2Li 


(3-1) 


Because  [1]  J  /J  .  =2  Vr/(1+R)  and  R=min (R, , R_) ,  when  R  3L  0.6, 
max  mm  l  2 

the  changes  of  J  along  the  y  direction  can  be  disregarded  and 

therefore  from  formulas  (2.3)  and  (2.5)  we  obtain: 


gl 


Jo~ 


—  ^  —  (B«/.mV,  -  B'rJ^^T\')J<iy  =*  ~  Ut  ~  JL  +  J~*  -  /o+) 
L?  «  Oj 


a-o  +  ro 


g/I?(l  +  R\~)V  Rj 
(  R ]  V  ^ ;)( 1  \/ 


(3.2) 

(3.3) 


Here,  g  takes  the  average  gain  coefficient  for  y  and  formula 
(3.1)  is  then  the  threshold  value  conditions  of  the  gas  flow 
laser  vibration.  Generally  speaking,  g  changes  in  accordance 
with  x. 

Below,  in  order  to  find  the  solution  for  the  rate  equation, 
we  take  the  integral  mean  of  formula  (2.1)  for  y  and  carry  out 
the  following  mathematical  transformation 

(3-o 

u  u 


The  transformation  of  formula  (2.1)  is: 
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(3.5) 


+  (Ka  +  S,Kr  +  SiK»)  + 


a?2 


K.  ±  -.  +  +  S'  [<  K>  -  K")  !{  +  *"*■'] 


4-  <X2  +  5,Ke  +  W^'is)  |j!  +  S;KuKwn, 


Oi- 


dS 


S,  K,  2>  +  +  ^  +  S»K*(ff  +  K;cS) 


In  the  formulas 


«* 


4-  -  »*  +  "«  *  S:t,t  '  ^ 

c  c  — _ a-:lk - 5,  4-  S,  —  l 

^+Su/’ 


(3.6) 

(3.7) 


we  took  ,-g(t  >efi  and  found  the  solution  for  formula 


(3.5) 


«* 


i-l2i 


+  (1,  —  S,Kr  —  S,K„)«l«)  +  “  K»>  ~  +  * 

±  -  V»>  +  Cl,' -  «« 

+  5,KB»Kf)  +  “  C*.  +  »>%.!«"  *> 


(3.8) 


in  the  formulas,  the  zero  in  the  upper  right  indicates  t 
distribution  of  the  corresponding  quantities  in  the  5  -0  (that 
is,  x=0)  area,  S  is  a  constant,  and  wt  is  a  constant. 


*i. :  =“  4-  SiKa  4-  ijA'tt^±V  (A'a  4-  SjKn  4-  SiK^y  —  ASjKizKu  1 

_ <K„  -  Kn^S  +  K.;K|« _ # 

”4t  i?J  4-  (A'.j  4-  S\Ka  4-  S2K  :j)2  +  SjK«K» 

_ KnCKio  4-  g) _ 

o;  4-  (An  4-  S^Kn  +  S;A;o)5  +  SiKuKu 

j-i-  T  <*>,-  —  —  >0 

»*r  =  li.Au,  nr?  “ 

l  o  *  >  & 


S$Cwu>,  4-  S,Ar  22 


SjKjjAu 


0  <  |  <  5, 


The  solution  formula  (3.8)  is  an<*  the  so^uti-on 

of  ^2  can  ke  found  in  the  same  way.  We  will  not  discuss 

this  here.  The  explanation  of  the  initial  distribution  of  x=0 
is  as  follows:  1.  the  solution  of  the  initial  distribution  is 
given  from  the  non-radiative  J=0  of  formula  (2.2).  We  will  not 
write  the  non-radiative  solution  here.  When  the  continuous  pump 
is  in  upstream  of  the  cavity,  n°  (  t,  )/j  _Q=n°  (t )/ x_0~  a  constant, 

and  when  a  pulse  pump,  n°(t))x=0  changes  in  accordance  with  t. 

2.  The  non-radiative  solution  is  generally  not  sufficient  for 


formula  (3.1)  but  because 


«  K32'  k10  and  cf~'  before 


the  colliding  non-elastic  transformation  does  not  have  enough 


time  in  the  < 

and  therefore  when  % =0 


time  range.  Moreover, 


c(1-R1R2) 


n\  -  «S<t)  +  »!(D,  »*  -  »S(i) 


In  the  equation,  n°  ( £  ) =n° (t) |  x_Q (i=l , 2 , 3)  is  obtained  from  the 
non-radiative  solution.  3.  Usually,  K32#  kiq^K21'  and 
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therefore  K32n3^£ 

We  obtain  gl  from  formulas  (2.2)  and  (3.6): 


sl 

hv 


S^Wi  -  S,W;  -r  S}Kan,  -  S,/»4  -  S6g(s  +  K2l  +  S2Kx  +  SjKb) 


f  r-(v' —  rr)\/ln2T2 1 

v  ^rexpH  J  / 


2  K.,7, 

JrAv.v  r  ^  | 

-ii  +  ]r)  iL 

L  Ai>v  J  / 


Ai’v 


Av 


O.io) 


In  the  formula 


1-  K»  +  S2Kv  -  S,K»  <3-10>‘ 

2_  -(«,»+  ««.„  -  T]  «’.0  I  +  X  -~~v  “  A'”5^ 

sAv.v  A*  V  SjKu,  .-I  A;  /"’ 

—  5,/(«'10  +«'»•“  —  ■K.j)  —  Si)Kji)n%(£) 

+  lStS,KaKu  —  5i/(li  —  SiK»  —  S,K,o)3»io(?)} 

_L  «.  _£&  {(£„  +  S,Kr,  +  S,KU  +  5  -  S,K>.,  + 

hv  2  Sji/i  ^ 

_  2  fy(>£--  (5^a(K«  -  tti  +  *>»J  “  -  K»> 

#•4.2) 

—  (a,-  +  «)»»,]  )} 


When  deriving  formula  (3.10),  we  had  already  assumed  that  the 
plane  motion  is  in  a  quasi-equilibrium  and  the  local  Maxwell 
rate  distribution  is  established,  that  is 


M'. 

", 


«'lCex  p 


n(Cexp 


f 

r2(v'  —  v0)\/  ini'! 

in 

\“l 

^’o  J 

1  1 

J 

r2(v'  —  j>0)\/  In2l 

I2) 

t 

vq  is  the  Doppler  line  central  frequency  and  is  the  total 

width  of  the  Doppler  line  semi-peak  value  area. 

IV.  Gain,  Intensity  and  Output  Power 

Using  formula  (3.10)  for  the  identical  optical  frequency 
and  Doppler  central  frequency  which  is  v=vq,  we  obtain 


*„(“  e\p(  —  s2p:) 

*  i-1  +  +  I/I,  ' 


d: 


KPexp  J"r:  ( 


\/l 


Hi.  1 


Av  _  2  (v  ‘  -v  ) 

In  the  formula,  H  =  *  Y In2 ,  z=  - ,  and  erf  is  the 

°  D  41  VN 

probability  integral.  When  there  is  heterogeneous  broadening, 
then  0  and  formula  (4.1)  changes  to 


r~  g.q.o 
Vi  +  77T  (?) 


When  there  is  homogeneous  broadening,  then  ^  -*00  and  formula 
(4.1)  changes  to 


e 


f»(f ,  £1- 
l  +  ///X?) 


fo 


K. 

r\/  * 


(4.3) 
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I  is  defined  as  the  local  saturation  intensity,  Kq  and  are 
separately  the  heterogeneous  and  homogeneous  broadening 
unsaturated  gain  coefficients.  If  the  above  formulae  are 
applied  when  the  gain  is  equal  to  the  loss,  they  are  identical 
in  form  to  the  well-known  formulae  [6]  of  non-flowing  gas 
lasers.  When  1 , 


rr&v  y  chi' 5 :  KqKjjKz  —  ~r  (  \  *2  +  Ky  ~4-  Kr.'jKxa) 

2  BxJm  Mu  K*  +  (K„  +  S,K*  +  S-.KJS 


K%1, 


Kj, 


lr&v-.ftv 

-> 


f 

(  -r  tti.j 


Ma 


y. 

f  m  n  ’ 


(4.4) 


2 

In  formula  (4.4),  the  depleted  S  is  a  high  order  number.  It 
is  easy  to  obtain  the  radiation  intensity  in  the  cavity  from 
formulas  (4.1)— (4.3) .  Transmission  radiation  intensity  J  is 


/.  —  J;  t\  +  Jth 


elJ.jCtt-y  R,  +  t,V  RQ 

(Vr'x  +  vTiXi  -  JRxRx') 


(4.5) 


When  Jfc  is  opposite  the  x  and  t  integrals,  we  obtain  the 
output  power,  and  when  it  is  opposite  one  end  putting  out  to 
another  end  the  reflector  has  no  loss  so  that  when  1*2=1  we 
obtain: 


i-i(»  ~  u) 


- .  -L.  •  .  i  .  i 


+  ‘l 


VI  +  /,  /, 


r 
r  ;i 
\ 


/.■ J  ' 


(4.6) 


In  the  formula,  V=L1L2L3  is  t^ie  cavity  volume.  When  ryj>  1, 
formula  (4.6)  changes  to 
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uVt i 


L,(C  -  &X«.  +  /.) 


{J!  +  Mr  f'  f*'  i  i 

■!«  1 Ls  )u  J*  i  {-» J 


LA<»i  +  <,) 


(rf£*  +  In*?) 


(4.7) 


In  the  formula 


IT 


I,eKd*i* 


«-» » 


Li 

\: 

Jo  1 

STLi  - 

J  ■ 

:  s: 

*0  •  ' 

U  l.e‘td*J5  i 
) 

(4.8) 


★  ★ 

Ig  and  gQ  can  be  taken  as  the  mean  saturation  intensity  and 

mean  unsaturated  gain  coefficients.  They  are  taken  as  the  means 

of  space  and  time.  Formula  (4.7)  is  identical  in  form  to' the 

Rigrod  formula  [6]  of  the  non-flowing  gas  laser.  When  formula 

* 

(3.10)  is  substituted  into  formula  (4.8),  we  can  obtain  I  and 


f  g  x 

If  „  ch™?j.  |  (K„  +  SiKjj  +  S,K„  +  9  -  SjK,,",,  +  Sjn>,) - - 

2  Bji/jLi 

_  V  1  -  £^±l(S,KnlK»  -  a,  +  9>„ 1 

i«ia> 

-  Sl/tCK»0  -  Kn)  -  U  +  9>»f])| 


«-./»  _  j 


(4.9) 


★ 

When  the  gQ  expression  is  omitted,  the  output  power's  maximum 
and  optimum  output  coupling  tj  is  found  based  on  the  relationship 
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of 


*^-0. 


6t, 


and  when  8  =0,  we  obtain 


i? 

3i 


— g’  ln(l  -*,•)] 

j,  ■+•  /,* 


(4!0) 


We  found  the  maximum  output  power  P  from  formulas  (4.7)  and 
(4.10)  : 


P* 


UT(:?y 


or? 


uV 


i-io.O  -  a,  -  <,)  a,C  1  -  a,  -  *,)  L,L2(;  -  &)  J 


i:  ] 

•>  »0  J 


!*«<■ 


t .-dcd£  j  Cn.U) 

I 


The  above  formula  is  identical  to  the  Rigrod  formula  [6],  In  the 
same  way,  we  can  discuss  the  formula  changes  for  Q^Cl  heterogeneous 
broadening. 

v.  Parametric  Analysis 

2 

Ig  forms  a  direct  ratio  with  pressure  square  p  but  has  no 
relation  to  the  gas  excitation  of  the  pump  rate  and  cavity 

entrance.  It  can  be  known  from  formula  (3.10)  that  I  declines 

x  ® 

in  accordance  with  —  monotone  and  from  the  maximum  value  I 

u  s , max 

of  x=0  it  tends  toward  I  (see  formula  (4.4)) 

S 

a'n  -4-  S,Kb  +  S,K„  +  5)  r*  1 ) 

B„U  2  '  * 


When  we  raise  the  flow  velocity  (other  parameters  are  fixed) , 

I  does  not  change  yet  I  and  I  noticeably  increase  (see 

s  t max  s  s 

later  section  on  calculation  examples) .  The  influence  of  the 
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are  great  and  the 


reflectivity  R1=(R°)£S^>  changes  on  I 
rational  range  of  8  is  deduced  as: 

(1) 

iff!  <  min  (1,,  IV  |«|  -OCO  (5.2) 

1.  Which  is 

K21K32 

It  can  be  known  from  formula  (4.4)  that  5  ~ —  and  I  » 0. 

K32  23  s 

This  is  because  when  o  0,  R^  increases  in  accordance  with  the 
—  monotone  and  decreases  in  accordance  with  the  t^  monotone. 
When  t^  decreases  to  zero,  light  emission  is  forced  to  stop? 
when  £  y  0 ,  1  s  Js  >Q  (or  »  ) 

In  the  gas  flowing  laser,  the  I  is  still  related  to  the 

K  and  g  parameters  and  the  mirror  surface  conditions.  Only 
o  o 

when  u =0  and  8  -0  do  these  parameters  possess  the  physical 

implications  of  corresponding  parameters  in  non-flowing  steady 

state  gas  lasers.  This  explains  the  non-steady  state  quality 

★ 

of  the  gas  laser.  The  parameter  of  I  depends  on  its  similarity 


If  pump  rate  w^  forms  a  direct  ratio  with  p,  then  the 

unsaturated  gain  coefficient  K  has  no  relation  to  p,  and  g  and 

o  o 

p  form  a  direct  ratio.  K  and  g  form  a  direct  ratio  with  w. 
e  o^o  x 

and  the  gas  excitation  of  the  cavity  entrance  area.  It  can  be 

shown  from  formulas  (3.10)  and  (4.4)  that  when  the  pump  is  in 

upstream  of  the  cavity,  $  ^  0  and  the  gQ  monotone  declines;  when 

6  <0,  the  gQ  monotone  rises.  When  the  pump  is  in  the  cavity, 
we  obtain  from  formula  (4.4)  : 


&  —  (»» +  ^  2 

\  i  m  i  / 

#  +  (Ko  4-  StKp  *4*  SjKi^S ] _ ,n 

cSt{KuKaKu  +  [KnKu  +  (Ku  +  K»  +  K,)K»]*) 


Therefore,  when  pump  conditions  are  similar,  K Q |g.  Q  (or  ^  ) 

K  L 
o  'S  »  o 


Output  power  P  forms  a  direct  ratio  with  the  p  and  u  pump 
speed  and  the  gas  excitation  of  the  cavity  entrance  area.  When 

reflectivity  is  an  unchanging  5=0,  the  maximum  output  power 

*  2 
P  forms  a  direct  ratio  with  p  and  the  mirror  area. 

VI.  Calculation  Examples 


See  the  following  table  [8]  which  uses  a  rate  constant  for 
the  calculation  of  a  COj/Nj/He  gas  compound. 

T=300K  Rate  Constant  Value 


N*./N 

*',«/ 1 

Ktjf 

t'uiv 

cte-1*-1) 

0 

8.6X10* 

1.23X10* 

1.67X10* 

0.3 

1.2X10* 

1.03x10* 

1.16X10* 

Nco,/Nk, 

0.1 

l.oxio* 

9.6x10* 

. 

8.30X10* 

1.  (Torr^seconds-*-) 

2.  (Torr"* *  seconds"  *  ^ 

3.  (Torr“1'seconds~*) 


Prom  the  data  in  article  [8J  we  derive 


Sj  _  i&.  2(21  +  Q 

S«  ^srTjjV,  T 

•  «?[-/(/+  0  ~  Cl*1) 

2 

1.  (Centimeters  ) 

In  the  same  way,  is  the  function  of  the  gas  temperature 

and  excitation.  When  T=300K  and  excitation  is  not  high, 

S1 

^  0.04. 

S2 

7^  2X 

I  changes  in  accordance  with  — — (  )  (see  figure  3), 

3  1  2 

is  in  the  range  of  10  -10  watts/centimeter  ,  and  is  in  agreement 
with  the  test  results  [9].  The  calculation  of  the  I  curve 

confirmed  the  last  sections  analytical  conclusions.  When 


•  T  -  300K,  f  -  CO./N./He  -  1/4/5 

(2)  a.,x 

Fig.  3.  I  Changes  in  Accordance  With  - 

s  u 

2 

1 .  I  (watts/centimeter  ) 

s 

2.  Torr 
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A-  x 

The  g  and  X  change  in  accordance  with  — —  and  (see 

O  U 

figures  4  and  5) .  The  time  changes  of  the  pump  pulse  in  upstream 
of  the  cavity  are  indicated  by  n°  which  changes  in  accordance 

with  .  The  g  and  I  seem  like  a  "wave"  advancing  toward 
L1  ° 

t  u  2X 

the  right.  The  straight  lines  f —  -  b  -  =0  and  1  are  the 

U 


front  and  back  surfaces.  Here,  b= 


u 


It  can  be  shown  from 


vl* 

tu  *2X 

figures  4  and  5  that  along  the  straight  line  f —  -  b  - =H=  a 

■Li  ^  U 

constant,  0<^H<1  and  the  chances  of  a  ?.re  slower  than  those 

'  o 

of  I. 


Fig.  4 


and 


ut 
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Fig.  5.  I  Changes  in  Accordance  With  -  and  H — 

U  L. 

2  1 
1.  I  (watts/centimeter  ) 


2 .  Equal 


lines 


For  the  continuous  pump  is.  upstream  of  the  cavity,  when 
_★ 

R=*  a  constant,  g^  slowly  declines  in- accordance  with  the 

71 -x  h2x  ip 

— monotone,  — -—=10  and  9  is  about  0.8?  when  5*  ,  the  st 

u  u  -  °  *2*  5 
monotone  decreases  and  rather  marvedly,  -77-  "10  gf  is  approx.  0.1 

-Ap  _  ApX  u  u 

when  S§  rises  with  — ~  and  Ig  decreases 
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A- 2*  _*  * 

with  -  It  should  be  noted  that  neither  g  or  I  have  any 

u  os 

noticeable  physical  significance.  It  can  be  known  from  figures 

4  and  6  that  when  R  is  a  constant  whether  it  is  a  continuous  or 

k 

pulse  pump  in  upstream  of  the  cavity,  gQ  and  gQ  both  change 

slowly  in  accordance  with  — .  This  is  a  certain  mean  gain 

coefficient  selected  from  articles  [5]  and  [7]  which  provides 
physical  data  for  using  the  non-flowing  formula  to  calculate 
the  gas  flowing  laser  output  power. 


itf/Li 


Pig.  4.1.  The  Changes  of  Cavity  Entrance  n^  in  Accordance  With 
ut 

1.  n°  (particles/centimeter3) 

T=300K,  p=30  torr,  =0,  gx_0=2xl0-3  centimeter-1, 
C02/N2/He=l/4/5 
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* 

Fig.  6.  The  Normalized  Mean  Unsaturated  Gain  g  Changes  in 

A2x  ° 

Accordance  With  - 

u 


T=300K,  p=30  torr,  CC>2/N2/He=l/4/5 


The  calculation  of  the  gas  flowing  laser  output  power  is 

in  agreement  with  the  curve  calculations  of  article  [1]  (see 

A  2x 

figure  7) .  The  numerical  value  of  -  indicates  the  level  of 


the  effective  vibration  which  is  able  to  be  extracted.  When 
*2x 

-  ^5,  the  effective  vibrations  can  be  completely  extracted 

for  the  calculation  parameters  of  figure  7. 
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6.: 


Fig.  7. 


Gas  Flowing  Laser  Output  Power  Changes  in  Accordance 


With 


A  2X 


1 .  &  =  ^ ,  2.  €  = 0 ,  3.  S  =~-rr-  T=300K,  p=30  torr. 


c°2/N2/Hes!l/4/5,  • 7 '  9x-0“2x10~3  centimeter  1' 

n^lO16  particles/centimeter3 


4.  (watts/centimeter  /seconds) 
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